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ABSTRACT 

The application of laaar anaaoaMtry to the 
atudy of floe fields in turbine engine coeqionentB 
is reviewed. Included are discuseiona of optical 
configurations, seeding req'jiranents , electronic 
signal processing, and data processing. Sqm 
typical results are presented along with a discus- 
sion of ongoing work. 


INTRODUCTION 

Laser aneamietry < LA)— also called laser 
velocieetry (LV), or laser Doppler velocieetry 
(LDV), or laser Doppler anesMsaetry (LDA)— refers 
to the rsBote aeasurenent of local flow velocity 
using laser light scattering, the chief virtue of 
the laser aneRKsneter as a flow sieasurenent instru- 
isent is that no physical probe is placed in the 
flow field. Insertion of probes, such as Pitot 
probes, temperature probes, or hot wires, can 
greatly alter the flow pattern under atudy. n>e 
applications of laser anemometry range from nap- 
ping the velocity profile within blood vessels of 
living animals to the measurement of atmospheric 
wind velocity many miles from the Instrument. 

The Lewis Research Center has an extensive 
program in computational fluid dynamics with the 
goal of developing computer codes which will 
accurately predict the detailed flow within turbo- 
machinery components. Knowledge of the Internal 
flow conditions is very Important to designers of 
new high performance, fuel efficient, quiet air- 
craft engines. Being able to calculate the flow 
with confidence will enable a great reduction in 
the amount of expensive experimental testing 
needed in the development of new engine comprnent 
designs. However, these new computer codes .aust 
be verified by comparing them with accurate ex- 
perimental data obtained for well-defined geome- 
tries. It is in this role that laser anesMMtry 
is being extensively employed at Lewis. 

In this paper we briefly review the funda- 
mentals of laser anestometry. Included are dis- 
cussions of single-beam and dual-beam laser 
anesKxaeters, Two applications of laser anesKawtry 
at the Lewis Research Center are described. The 
first is a dual-beam LA designed for a compressor 
rotor facility, and the second is a single-beam 
system designed to measure the llne-of-si^t 


velocity component in a turbine stator facility. 

A suaamry of ongoing work concerned with the 
application of LA to hl^ tes^rature flows is 
then given. 

BASIC CONCEPTS 

Laser an emome try uses radiation scattered by 
moving objects as a means of remotely measuring 
velocity. In some commonly used types of laser 
anestomcters the physics of the technique can be 
described in terms of the Doppler effect. In 
other types of laser anemometers it is more ai^o- 
prlate to consider the measurement in terms of the 
a required for the flow to move a known dis- 
tance. 

Doppler Effect 

The physical basis for most laser anemometers 
is the Doppler effect, named for Christian 
Doppler, who in 1842 theorised that since the 
pitch from a moving source varies for a stationary 
observer, the color of the li^t from a star 
should vary according to the star's velocity rela- 
tive to the earth. Light reflected from an object 
that is moving toward a light source, tdten viewed 
from the source, is raised in frequency by an 
amount depending on the velocity of the object. 

For a receding object the frequency is lowered. 

Consider a plane wave with wave vector ^ 

(and frequency f •• k^ c/2it where c is the 
velocity of light) that is scattered by a particle 
moving with velocity v (Fig la.). flie frequency 
shift of the scattered light relative to the fre- 
quency of the incident light (the Doppler shift) 
is proportional to the particle velocity and is a 
function of the scattering angle Xg (i.«.» the 
angle between k^ and kg). For Doppler shift 
frequencies much ssialier than the frequency of the 
incident light, the Doppler shift is 

^d ■ *s “ ^o - a/2iT)(k* - ko)-v (1) 

Single Bean LA Eystens 

As described above, the Doppler shift of 
ll^t scattered from a moving object la propor- 
tional to the component of the object's velocity 
norsml to the bisector of the incident ll^t wave 
and the scattered light wave. Thus, for a back- 
scatter optical arrangement such as shown in Fig. lb. 







(c) 


Fig.l. W«v«i vector dlegrui (a) general scattering 
(b) single-beam backscatter configuration (c) dual- 
bean configuration 

the neasured velocity coetponent lies along the 
propagation direction of the incident laser bean. 
The Doppler shift for backscatter is given by 

fa - 2 v/1 (2) 

where v is the target velocity eoeiponent along the 
bean and X is the wavelength of the laser light. 

For visible light the Doppler shift is approxl- 
nately 4 MHz/neter/sec. 

Two approaches are used to awasure the 
Doppler shift frequency. One is a heterodyne 
technique (called the reference bean technique > 
where the scattered light is heterodyned with a 
local oscillator signal obtained from the laser 
bean on a square law photodetector. The output of 
the photodetector (usually a photomultiplier tube) 
contains the difference frequency between the fre- 
quency of the scattered light and the frequency of 
the original laser light. This difference fre- 
quency is just the Doppler frequency. The hetero- 
dyne detection scheme was the basis for the first 
desMnstration of a laser anemometer by Yeh and 
Cusmiins^ in 1964. They measured the velocity 
profile of the laminar flow of water in a circular 
tube. The laser light was scattered, not from the 
water itself, but from small particles suspended 
in the flow. These particles, which are essential 
to almost all types of laser anenometers, can be 
either naturally occurring or intentionally added 
naterial (seed swterial). 

One difficulty in using the reference bean 
approach with a backscatter geometry in ttirbo- 
aiachlnery applications is the large dynastic range 
in the Doppler frequencies. n>e hi^ flow veloci- 
ties, which can approach Mach 1, result in fre- 
quencies that exceed the frequency response of 



commonly used photomultiplier tubes (about 200 
ms). Dnfortunately, the backscatter geometry is 
usually the only feasible geometry in most turbo- 
machinery test facilities. 

Another difficulty with heterodyne systesis is 
a fundamental limitation expressed by the Antenna 
Theoren,^ which states that the naxinun effec- 
tive receiver aperture area is limited to X^/R, 
whore R is the solid angle subtended by the probe 
volume at the receiver aperture. 

The second approach to analysing the scat- 
tered light in a single-beam system is to use a 
high resolution interferometer to directly measure 
the Doppler shift. The interferometric approach 
offers the advantages of essentially no upper fre- 
quency limi^ and a larger available receiver aper- 
ture. An interferometric type laser anamomstsr 
used to SLsasure the radial velocity cosqionent in 
an annular stator cascade will be described below. 

Dual Beam Systems 

The most common type of laser anemometer is 
the dual-beam or fringe-type system. The reasons 
for its popularity are its ease of alignment, hi^ 
light collection efficiency, and ability to mea- 
sure velocity components normal to the viewing 
direction. In the dual-beam laser anemoemter the 
single laser beam is divided into two parallel 
beams of equal intensity (Fig. Ic.). The two beams 
are focused at a common point. Dear this point 
the two beoM occupy the same spatial region, and 
particles passing through this region will simul- 
taneously scatter light from both beams. The 
scattered light that is collected by the receiving 
lens (often the sasm lens used for focusing the 
incident beams) is detected by a square law photo- 
detector. 

The output of the ^otodetector contains a 
component with a frequency equal to the difference 
of the frequencies of the two scattered beams. 

This difference frequency is found by using 
equation 1. 

«d - *sl - fs2 " (l/ZirHAol - 4 o1>-T (3) 


Because f^ is Independent of the direction of 
the scattered light, the aperture of the receiving 
lens may be of any else (i.e., the light collec- 
tion solid angle is not limited by the Antenna 
Theorem as it is in a reference beam system) . 

Also note that the difference frequency is propor- 
tional to the velocity component in the plane of 
the two incident beams normal to the bisector of 
the beams. Written in terms the angle 0 between 
the beams S'd the wavelength of the laser li^t X, 
this relatib". between the difference frequency 
and velocity becc-ses 

fa - (2 V sin e/2)/X (4) 

where v is the smasured velocity cosqxment. 

fringe Model 

The dual-beam laser anemometer is often ex- 
plained in terms of a fringe model first proposed 
by nidd.3 In the fringe iK>del the two inter- 
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ORIGINAL PACE IS 
OF POOR QUALITY 


MctlB 9 !>»■■■ mrm aasuMd to fo» intorforoneo 
(rlngoa. Ihoao fringos aro pianos with aonale la 
tha plana of tha two baaaa and parpandlcular to 
thalr blsaetori tha frinpa nonul is than in tha 
diraetion of tha Msaurad walocity coaponant. lha 
aaparation batwran tha frinpas is a ^ X/2 Bin 6/2. 
Thua« tha ralation batwaan tha obaarvad fraquancy 
and tha Msaurad walocity coaponant ia 

f - w/a (5) 

which ia intarpratad aa tha rata that tha targat 
partiela croaaad tha fringaa. This f rings nodal > 
although not a rigorous phyaical daacription.^ 
ia adaquata for nost applieatlona. It is also 
appropriate for tha dual-baa* laaar an a* o*atar 
using laaar inducad fluoraacanca that is dascribad 
balow. 


TWo-lpot 8ysta*s 

hnothar typa of laaar an an ow a tar ia tha two- 
apot, alao callad tha dual-focua« or tina-of- 
fllght, or laaar transit anaawa n tar.^ In this 
ayata* tha laaar light la foeuaad Into two snail 
dianatar parallal baana In the proba volwat tha 
baa* dia*atars typically are about 20 nlcronatara 
and era spacad a faw hundrad adcronatars apart. 

As a partiela paasaa through tha two baana in 
aaquanca, tha scattarad light la datactad and pro- 
casaad to datanaina tha tins of flight batwaan tha 
two baaats. Iha valoeity is than calculatad fron 
tha tl*a and known baa* spacing. This typa laaar 
ananonatar offars tha potantlal of balng abla to 
aiaasura sawllar partlclas than tha dual-baau sys- 
ta* bacauaa tha laaar light is *ora concantratad. 
Howavart a liadtation is that in order to ba naa- 
Burad a particle nust pass throu^ both baana i 
this naana that tha two baana nuat ba aligned with 
tha flow direction. For turbulent flow tha flow 
direction fluctuates and only a fraction of tha 
particles that pass threught tha first baa* will 
also pass throught tha second baa*. This raaulta 
in a raducad data rat* coaparad to the data rata 
obtalnabla for laadnar flow. 

SIGNAL PROCESSING 

Tha alactronlc procaatlng of the signal fron 
tha photodatsetor to extract tha Doppler fraquancy 
ia a critical part of laaar anesKsaMtars. In this 
section signal procasslng in dual-baa* laser ana- 
■onatara will ba dlscussad. The Oopplar fra- 
quancy, as diacussad above, is proportional to 
tha velocity of tha partiela passing through tha 
proba volun*. 


Dopplar Burst Signals 

A Dopplar burst occurs whan a particle paasaa 
through tha proh* volxana. Aa shown in Pig. 2a, 
tha burst signal fron the photodatsetor in a dual- 
baa* LA, without considering noise, has tha anva- 
lop* of the Gaussian laser baa* profile with *odu- 
lation at the Dopplar frequency. The bursts occur 
at rando* tinea at an avaraga rata that is datar- 
■inad by the concentration of partlclas in tha 
flow. With lightly aeedad gas flows, the Dopplar 
bursts rarely overlap, so aach *ay be traatad in- 




Pig. 2. Dopplar burst (a) burst signal no noiaa 
(b) burst signal with noiaa 


dapandantly. Howavar, bacauaa of tha spread in 
particle sisas and bacauaa of the rando* nature of 
the individual particle trajectories, tha a*pli- 
tudas of the Dopplar bursts are randon. Purthar- 
*ore, actual signals include a noise conponant as 
shown in Pig. 2b. The noiaa is a result of tha 
dlacreta photon nature of light (shot noiaa). 

Tha lower error bound for tha *aasur*awnt of 
the velocity of a single partiela is foiutd using 
a*ximu* likelihood astiaation *athods^ to ba 

'’V" 

\Jr ,•* ^nXoty p^ j,/i + i8/»2m2 


This axpraaslon was derived for the case where the 
background light ao^lltuda is larger the peak 
Dopplar burst aaplituda. It shows that tha error 
bacosMS SBSllar for lower velocitiaa v, larger 
light scattering cross sections o, higher laser 
power P]^, snallar proba volt»* dlaaatars 2Wg, 
larger solid viewing angle n< and a larger nuad>*r 
of fringes M. Alao, h is Planck's constant, c is 
tha velocity of light, and n is tha quantu* affi- 
ciancy of tha photodetactor . 

Since aach Dopplar burst ■aasuranant gives 
tha instantanaouB velocity, it is necessary to 
taka a*ny individual awaBura**nts (often 1000 or 
■ora) to obtain tha atatiatlcal para*atara such as 
*aan and standard deviation that dascrlb* a turbu- 
lent flow. 

Tha rat* of «*asur*aMnts of tha individual 
particlar in tha flow is vary iaportant because it 
dst*r*lnes tha type of lnfor*ation obtalnabla fro* 
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tiM ■M«urwMnts M well u th« « 9 «rlMatal ra 
tlM. Vor ajuMpl*, If turbolsnt seal* uA powar 
•paetra ara to ba datamiaadr tha data rata Miat 
ba high anou^ ao that a al^ilfleaat fraotlon of 
tha tlaaa bataaaa tha awaauraaMiita la laaa than 
tha Myqulat aaapllng parlod. (lacaaaa of tha ran** 
doai aaapliag tlsaat tha Man data rata doaa not 
naad to bo graatar than tha Mjrqaiat rata.) On ttao 
ethar hand, aaapllns at rataa in axcaaa of tha 
eorrolatloo tlM of tha flow doaa net plaa Inda- 
pondant aaaiplaf ^ 

^paotrun Analpaia 

nto algnal any althar ba proeoaaad in tha 
fraquaney doHln or in tha tlM dooain. Tha aln- 
plaat Mthod to datanina tha Dopplar fraquaney ia 
to uaa a apactruai analyaar. A convantional awapt 
fraquaney apactruat analyaar waa uaad in auch of 
tha aarly work. Bowavar, baeauao it only haa a 
aingla narrow bandpaaa flltor, it la an Inaffl- 
ciant burnt prooaaaor. A raal-tlM apactna ana- 
lyaar, auch aa a filtar bank, providas a nuch noro 
officiant atoana of procaaaing tha Ooj^lar burata. 

Countar Procaaaora 

Spacial purpoaa aignal procaaaora that opar- 
ata in the tiaM donain hava boon davalopad and now 
ara coaanarcially availabla. niaaa ao caliad 
"countar procaBaora" oparata by firat hi^ paaa 
filtering tha Dopplar borat to ramova tha low fra- 
quancy ceoponent of tha burat, and than moaauring 
tha fraquaney by naaauring tha tiM batwaan tha 
aaro crosainga of a fixed nunbar of cyelaa. Thaaa 
procaaaora uaa tha anplituda of tha burat to an- 
abla tha tiaia interval MaauroMnt circuitry ao 
low level noiaa la not Maaurad. nia accuracy of 
tha tiM interval Maauraatant, which dataratinaa 
tha ultimata accuracy of tha MaauraMnt of tha 
frequency of a aingla burat, typically ia 1 nano- 
aacond. Tha naxiaum burat procaaaing rata ia 
uaually aat by tha aaaoclatad data acquiaitlon 
aquipMnti uaing DMA, rataa in axcaaa of 200,000 
naaauraMnta par aacond can ba raallcad. However, 
tha actual rata achievable in axparlMnta ia 
uaually aat by tha concentration of particlaa in 
tha flow. In Boat gaa flow axparlMnta tha 
natural particulataa do not have a high anou^ 
nuBibar danaity to provide tha daaired data rata, 
ao additional particulataa ara introduced into the 
flow. Thia ia coeoaonly referred to aa aaading tha 
flow. 

SEEDING 

Although tha phyalcal paraMtar of intaraat 
ia uaually the fluid velocity, it la actually the 
velocity of anall particlaa auapanded in tha flow 
that in maaaurad with a laaar anastoMtar. In 
order to identify tha particle velocity with tha 
fluid velocity, which ia the unual aanuaption, tha 
particle aniat accurately follow the Mtion of tha 
fluid. Thia ability of tha particle to "follow” 
tha flow ia datanlnad by Ita aixa and auan dan- 
aity; aaiall particlaa with low aaaa danaity am 
daairabla. However, tha Intanalty of tha scat- 
tered light is a strong function of tha aiaa of 
tha particle aa wall as ita refractive index. Tha 
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Fig. 3. Influence of particle aiaa on particle 
tracking in oscillating flow field. Particle mss 
density, 1 g/CBt^t MXiwuBi gas velocity, 

15.2 ai/aac 


problaa thus faced by tha laaar anaBomatrlst ia to 
select particles small enough to follow tha flow, 
but large anou^ to scatter sufficient light to 
allow tha accurate Maauramant of tha particle's 
velocity. An indication of tha aixa of particles 
needed ia given by Fig. 3 which shows tha fre- 
quency response of particlaa in an oscillating 
flow, lha particles uaad in laser anamoBiatry in 
turbomachinery typically hava diaMtara of about 1 
micronatar. Either liquid or aolid aerosols may 
ba uaad depending on the application. Liquid 
aerosols, such as adnaral oils or silicone oil, 
ara easily produced and ara coaa»nly used for low 
tamparatura amplications. 

Whan particles with accurately known sixes 
ara needed, polystyrene latex spheres ara often 
uaad. For high tamparatura applications, where 
liquid aerosols cannot survive, solid refractory 
materiala such aa metal oxides are used. Commonly 
used refractory seed materials Include aluminum 
oxide and titanium oxide. 

LASER INDUCLO FLUORESCENCE 

nie phenomenon of laaar Induced fluorescence 
ia used in some applications where laser light 
scattered from surfs'^aa near the desired measure- 
ment point causes a decrease in tha slgnal-to- 
noiaa ratio, which consequently limits how close 
measuraMnts can be Mde to the surface. With 
this technique, a fluoreacent seed Bwterial ia 
used, «d>lch when irradiated by laser li^t at one 
mvelength, radiates at a longer wavelength. B 
An optical filter placed in the receiving optics 
ia used to block the light at the original laser 
wavelength while passing tha longer wavelength 
fluorescent radiation. This technique is used for 
cold flow studies at Lewis; one application is 
discussed in the Applications section. 


4 




PHOTOMULTIPLIER 
IPMITUIE 

PINHOU 
FOCUSING 
ORANGE-PASS FILTER 


MODE MATCHING 
LENSES 


BEAMSPLITTBl 


R, 


{Mdronic 

iMimg* 

•nadir 


Umt ^ 

\^arc« 1 aser'*\ 


FKKMr 
Rraiilt Km) 



OF POOR QUALITY 


AORMlWinlW 



-Ono-Kf-rnduHan fulu 


MIRROR 


BEAM-POSITIONER 
MIRROR ON A 
MOTORIZED 
GONIOMETEP MOUNT 


-MIRROR FOR 
COLLEaED LIGHT 
FOCUSING* 
COOECTING lENS 


CD-12287-36 


I Disk ^ 
I tlwi9» Vr- 






Minkampudr 

I 


CUT 
kr«kui 


3_ 


Ctntrtl 

condi^ 

>«clll>y 


FI9. 5. Block diagru of comploto anononotor for 
cooprbssor rotor 


dov«lopv«nt of aoftwaro la a Major part of tba 
syatan davalopnant. 

Dual Baaa Frin9a lypa LA for Conprasaor Facility 


FI9. 4. C^tlcal layout of anooooatar for 
conprasaor rotor 


AFPLICATZORS 

Two apaciflc applications of lasar ananonatry 
in turbooachinary studias at tha Lawls Hssaarch 
Cantar will ba dascribad. is tha napping of 

tha valocity in a singla stays transonic coaipras- 
sor rotor facility using a dual-bsasi fringa typa 
lasar anamonatar. Tha othar is tha neasuranant of 
tha radial valocity conponant in an annular tur- 
blna stator cascade facility using an aingla-basi. 
systan with an optical intarf aronatar . 

Canaral Approach 

Tha ganaral approach that has baan takan in 
the daslgn of laser anamonatar aystans for turbo- 
machinary facilities at Lewis can ba susnarizad as 
follows: 

1) Use window dasigns that do not affact tha 
flow under study; this n<’''ns that windows nust ba 
eurvad to natch tha contou.* of tha tast rig; such 
curvad windows introduce .aitigmatisn into the 
optical systan which can either ba ninlnlsad by 
making the windows thin, or can ba conpansatad for 
by using auxiliary optical cooponants. 

2) Keep tha optics as simple as possible 1 
this has included using mly singla valocity oon- 
ponant naasuramants (optics are nachanically 
rotated to obtain othar components); also, all 
optics and tha lasar are mounted on a single rigid 
plate, which Is moved to position tha probe voIubm. 

3) Use rapid data acquisition aquipeMnt and 
computarltsd control of optics positioning; ad.nl- 
computara arc used for these functions, and tha 


Ihls lasar anaaKanatar aystam was designed to 
nap flow valocity within tha rotor passage of a 
transonic compressor rotor. An LA was salactad 
for this application because, in addition to tha 
usual flow Intarf L-anca problems, it is only with 
axurama difficulty that probes can ba used to mea- 
sure tha flow within rotating cenponants. Byatam 
design am^asizad rapid and efficient data acqui- 
sition under computer control. 

The optical layout of the dual-bean system is 
shown in Fig. 4. It is an on-axis bacKscattar 
system that uses tha 514.5 nm line of an argon-ion 
lasar. As discussed above, the particular conpo- 
nant being measturad lias in tha plana of tha two 
beams and is perpendicular to tha bisector of tha 
beams, Thus, any conponant in tha axial- 
tangential plana can ba aiaasurad with this system 
by rotating tha splitter to tha desired angle. 
Fluorescent seed particles coupled with an orange- 
pass optical filter in the receiving optics reduce 
detection of unwanted scattered light. This 
allows maaauraaMnts near tha rotor hub and casing 
window. 

A simplified block diagram of tha complata 
systan is shown in Fig. S. Valocity maasuraawnts 
occur randomly along tha sMasurad circumferential 
path since a Masureswnt depends upon a seed par- 
ticle passing through tha probe volume. At any 
given time, tha system accepts measurements froai 
any of 1000 sequential angular positions along 
this circumferential path. Tha position informa- 
tion for each valocity neasureMnt is provided by 
an electronic shaft angle encoder that was devel- 
oped for this system. When a measurement is 
obtained, the particle velocity and tha rotor 
position are recorded and processed by the mini- 
computer. In this way, velocity naasurements are 
accumulated along a circumferential path. A com- 
plete valocity map is obtained by determining 
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Fig. 6. C^tical ayatem for aingla-b«am anaaiotnatar 
for atator 



valoc y profilaa at a aequanca of axial and 
radial poaitiona. Datalla of thla ayataa ara 
found In rafaranca 9. 

Bacauaa tha dual-baan lA aiaaauraa only valoc- 
Ity cofliponanta tranavaraa to tha optical axlai tha 
radial valoclty coraponant la not dlractly aaaaurad 
with thla ayatam. 

Slngla Bean LA for Turbina Stator Rig 

In thla laaer ananomatar the aingla-baaai 
optical ayatam ahown In Fig. 6 waa uaed to meaaure 
tha radial component In the annular atator caacada 
ahown In Fig. 7. Tha optical ayatem haa both tha 
axia of the Incident beam and the axia of the 
receiving optica at a 3 degree angle to tha axle 
of the focuaing lena. Thla near backacatter 
geometry reaulta In a Doppler ahift frequency pro- 
portional to the velocity component along tha 
optical axia, which la In the radial direction of 
the atator. 

The acattered light la paaaed through a con- 
focal Fabry-Perot interferometer operated in a 
acanning mode. Thla la the optical analog of a 
awept frequency rf apectrum analyaer. The ayatem 
alao includea an acouato-optlc modulator (Bragg 
cell) uaed to generate a reference aignal offset 
from the laaer frequency by 78 MHz. Figure B 
shows typical spectra taken inside the stator 
passage. The spectra ahown in Figs. 8a and 8b are 
for unseeded and seeded flow, respectively. The 
unseeded spectrum shows two peaks: the peak on the 
left is due to the non-Doppler shifted laser light 
scattered from surfaces located near the probe 
volume, and the peak on the right is due to the 
frequency shifted light from the Bragg cell. The 
seeded spectrum in Fig. Bb shows the Doppler 
shifted light as well as the non-Doppler shifted 
and Bragg shifted peaks. 

Note that because the radial velocity compo- 
nent la small, the Doppler shift is also aaialli 
and the Doppler shifted light from the seed parti- 
cles overlaps the non-Doppler shifted light. The 
difference between the seeded and unseedad spec- 
tra, which contains the desired information, la 
shown in Fig. Be. The Doppler shift here is about 
25 MHz, which corresponds to a radial velocity 
component of about 6 m/aec. Note that the flow at 
this location is predominately in the axlal- 


Flg. 7. Turbine stator showing cutout for laser 
window 





Fig. 8. C^tical spectra for single-beam anemometer 
takon in stator passage (a) no seeding (b) with 
seeding (c) difference of seedud and unseeded 
spectra 
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OF POOR QUALITY 


tan 9 «ntial plana i pravloua MasuraMnta aMda with 
a dual-baaa LA pava an axlal-tanpantlal Yalooity 
aagnltute et ItS a/aae. 

ror lar 9 ar radial valoclty eoa^onanta tha 
paak cauaad by tha Dopplar ahlftad ll^t will ba 
Mparatad froai tha non~Doi^lar ahlftad paak« and 
thua will ba aaslar to analyaa than tha axaapla 
glvaa hara. 

Datalla of thla syataa ara found In rafaranoa 

10 . 

omonK: VMX 

currant work la concan^atad in two araaa. 

Ona objactlYa la to davalop a ayataat that coatblnaa 
a dual'baa* lA with a alngla^baam lAi tha eoablnad 
ayataa will ba abla to aMaaura all thraa coaa>o- 
nanta In turboauiehlnary fros a alngla vlawlng 
dlractlon. Ihla ayataa will ba uaad In taata of 
naw turblna atator daalgna 'Aat hava curvad and 
walla, thaaa atagaa will hara larga radial Yaloe* 
ity coaiFonanta, and data takan with tha co^lnad 
LA ayataai will ba uaad to varlfy naw 3D coMputar 
eodaa. 

lha aacond arta of work la to davalop laaar 
anaaoaMtar ayataaw for uaa In high taaiparatura 
turblna facllltlaa. fha laaar anaanatatar la tha 
Idaal inatruBMnt for auch atudiaa In hoatila anvi- 
ronnanta bacauaa of ita non'-lntrualva natura. 

Work la balng dona to axtand tha tachnlquaa 
davalopad for cold flowa to tha high tamparatura 
raglaa. lha aaln affort la to davalop wliidowa 
capabla of withatandlng tha hl^ taaiparatura anvl> 
ronaMHt and to find aj^roprlata aaad awtarlala and 
aathoda of ganaratlon. hlao, tha of fact of tha 
hot turbulant flow on tha oporatlon of tha <q>tlcal 
ayataa la undar atudy. 


S. N. H. St*'vanaon, R. doa Santoa, and 8. C. 

Nattlai., *k laaar valoclaatac utlliilng laaar- 
Inductd fluoraaancat* Apol. Phva. Latt. . vol. 
27, pp, 395-39C, 1 Octobar 197S. 

9. J. A. Powall, A. J. straaiaar, and R. a. 

Saaaholtt, *Hlgh-apaad laaar anaaoMtar ayataa 
for intracotor flow napping in turboMchlnary,” 
NASA TP-KC3, 19B2. 

10. R. G. Saaaholti and L. J. Goltean, *Uuar ana*- 
nonatar ualng n Fabry-Parot IntarCaroawtar for 
naaaurlng naan valoclty and turbulanca intan- 
alty along tha optical axla in turboaiachlnary,* 
In Enqlnaarlnq Appllcatlona of Laaar Valo - 
clnatry. H. N. Colanan and P. A. Pfund, ada. - 
Naw York I Anar lean Soclaty of Machanloal 
Englnaara, 1982, pp. 93*101. 
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